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1 Fast subt ype checking in the HotSpot JVM 
Cliff Click, John Rose 

November 2002 Proceedings of the 2002 joint ACM-ISCOPE conference on Java Grande 

Additional Information: full citation, abstract, references, citings, index 
terms 

We present the fast subtype checking implemented in Sun's HotSpot JVM. Subtype checks 
occur when a program wishes to know if class S impliements class T, where S and T are not 
both known at compile-time. Large Java programs will make millions or even billions of 
such checks, hence a fast check is essential. In actual benchmark runs our technique 
performs complete subtype checks in 3 instructions (and only 1 memory reference) 
essentially all the time. In rare instances it reverts to a slower array ... 

Keywords: Java, checkcast, instanceof, subtype, typecase 



Bidirectional object layout for separate compilation 
Andrew C. Myers 

October 1995 ACM SIGPLAN Notices , Proceedings of the tenth annual conference on 
Object-oriented programming systems, languages, and applications, 

Volume 30 Issue 10 

Additional Information: full citatio n, abstract, references, citings, index 
terms 



Full text available: 



Existing schemes for object layout and dispatch in the presence of multiple inheritance and 
separate compilation waste space and are slower than systems with single inheritance. This 
paper describes the bidirectional object layout, a new scheme for object layout that 
produces smaller objects and faster method invocations than existing schemes by 
automatically optimizing particular uses of multiple inheritance. The bidirectional object 
layout is used for the programming language Theta, and ... 

3 Fast alg or ithms for compressed multimethod dispatch table generation 
Eric Dujardin, Eric Amiel, Eric Simon 

January 1998 ACM Transactions on Programming Languages and Systems (TOPLAS), 

Volume 20 Issue 1 

Additional Information: full citation, abstract, references, citings, index 
terms 

The efficiency of dynamic dispatch is a major impediment to the adoption of multimethods 



Full text available: f § pdf(682.21 KB) 
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in object-oriented languages. In this article, we propose a simple multimethod dispatch 
scheme based on compressed dispatch tables. This scheme is applicable to any object- 
oriented language using a method precedence order that satisfies a specific monotonous 
property (e.g., as Cecil and Dylan) and guarantees that dynamic dispatch is performed in 
constant time, the latter being a major requirement for so ... 

Keywords: dispatch tables, late binding, multimethods, optimization, pole types, run-time 
dispatch 



4 Special issue on persistent object systems: Tiaukat: a uniform behavioral objectbase 
management system 

M. Tamer Ozsu, Randal Peters, Duane Szafron, Boman Irani, Anna Lipka, Adriana Munoz 
July 1995 The VLDB Journal — The International Journal on Very Large Data Bases, 

Volume 4 Issue 3 

Full text available: ^odff2.78MB) Additional Information: full citation, abstract, references, citings 

We describe the TIGUKAT objectbase management system, which is under development at 
the Laboratory for Database Systems Research at the University of Alberta. TIGUKAT has a 
novel object model, whose identifying characteristics include a purely behavioral semantics 
and a uniform approach to objects. Everything in the system, including types, classes, 
collections, behaviors, and functions, as well as meta-information, is a first-class object 
with well-defined behavior. In this way, the model abstr ... 

Keywords: database management, objectbase management, persistent storage system, 
reflective system 



5 Fast algorithm for creating space efficient dispatching tables with application to multi- jj§ 
dispatching 

Yoav Zibin, Joseph Yossi Gil 

November 2002 ACM SIGPLAN Notices , Proceedings of the 17th ACM SIGPLAN 

conference on Object-oriented programming, systems, languages, and 

applications, Volume 37 Issue 11 
Full text available: ^ pdf(312.23 KB) Additional Information: full citation, abstract, references, citings 

The dispatching problem can be solved very efficiently in the single-inheritance~(SI) 
setting. In this paper we show how to extend one such solution to the multiple-inheritance^ 
(MI) setting. This generalization comes with an increase to the space requirement by a 
small factor of k This factor can be thought of as a metric of the complexity of the topology 
of the inheritance hierarchy.On a data set of~35 hierarchies totaling some~64 thousand 
types, our dispatching data structure, based on a ... 




Subtypes vs. where clauses: constraining parametric polymorphism 
Mark Day, Robert Gruber, Barbara Liskov, Andrew C. Myers 

October 1995 ACM SIGPLAN Notices , Proceedings of the tenth annual conference on 
Object-oriented programming systems, languages, and applications, 

Volume 30 Issue 10 

Full text available- flBpdff1.56 MB! Additional Information: fall citation, abstract, references, citings, index 
' ^ ^ 5 terms 

All object-oriented languages provide support for subtype polymorphism, which allows the 
writing of generic code that works for families of related types. There is also a need, 
however, to write code that is generic across types that have no real family relationship. To 
satisfy this need a programming language must provide a mechanism for parametric 
polymorphism, allowing for types as parameters to routines and types. We show that to 
support modular programming and separate compilation there mus ... 
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7 Efficient type inclusion tests 

Jan Vitek, R. Nigel Horspool, Andreas Krall 

October 1997 ACM SIGPLAN Notices , Proceedings of the 12th ACM SIGPLAN 

conference on Object-oriented programming, systems, languages, and 

applications, Volume 32 Issue 10 
Full text available" ^fj pdg2,39 Additional Information: MLcMtion, abstract, references, citings, index 

" terms 

A type inclusion test determines whether one type is a subtype of another. Efficient type 
testing techniques exist for single subtyping, but not for languages with multiple subtyping. 
To date, the fast constant-time technique relies on a binary matrix encoding of the subtype 
relation with quadratic space requirements. In this paper, we present three new encodings 
of the subtype relation, the packed encoding, the bit-packed encoding and the compact 
encoding. These encodings h ... 

8 Network objects 

Andrew Birrell, Greg Nelson, Susan Owicki, Edward Wobber 

December 1993 ACM SIGOPS Operating Systems Review , Proceedings of the 

fourteenth ACM symposium on Operating systems principles, volume 27 

Issue 5 

Full text available: f &pdfM.35MB) Additional Information: Ml cMtlQn, abj&§.ci reMences, citings, .index 

terms 

A network object is an object whose methods can be invoked over a network. This paper 
describes the design, implementation, and early experience with a network objects system 
for Modula-3. The system is novel for its overall simplicity. The paper includes a thorough 
description of realistic marshaling algorithms for network objects. 

9 Faster constraint solving with subtypes 

Jonathan Edwards, Daniel Jackson, Emina Torlak, Vincent Yeung 

July 2004 ACM SIGSOFT Software Engineering Notes , Proceedings of the 2004 ACM 
SIGSOFT international symposium on Software testing and analysis, volume 

29 Issue 4 

Full text available: ^ pdf (354.38 KB) Additional Information: f ull citation , abstract, references, index terms 

Constraints in predicate or relational logic can be translated into boolean logic and solved 
with a SAT solver. For faster solving, it is common to exploit the typing of predicates or 
relations, in order to reduce the number of boolean variables needed to encode the 
constraint. Here we show how to extend this idea to constraints expressed in a language 
with subtyping. Our technique, called atomization, refactors the type hierarchy into a flat 
collection of disjoint atomic types. The const ... 

Keywords: SAT, analysis, constraints, relational logic, subtypes, verification 

10 Keynote address - data abstraction and hierarchy 
Barbara Liskov 

January 1987 ACM SIGPLAN Notices , Addendum to the proceedings on Object-oriented 
programming systems, languages and applications (Addendum), volume 23 

Issue 5 

Full text available: f ppdf(1.38 MB) Additional Information: full citation, citings, index terms 



11 Efficient subtyping tests with PQ-encoding 
Yoav Zibin, Joseph Yossi Gil 
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October 2001 ACM SIGPLAN Notices, Proceedings of the 16th ACM SIGPLAN 

conference on Object oriented programming, systems, languages, and 

applications, Volume 36 Issue 11 

Full text available: f Sj pdff226.81 KB) Addltional Information: full citation, abstract references, citing jndex 
Uij- * terms 



Subtyping test, i.e., determining whether one type is a subtype of another, are a frequent 
operation during the execution of object-oriented programs. The challenge is in encoding 
the hierarchy in a small space, while simulataneously making sure that subtyping tests 
have efficient implmentation. We present a new scheme for encoding multiple and single 
inheritance hierarchies, which, in the standardized hierarchies, reduces the footprint of all 
previsously published schemes. The scheme is ... 

12 Converting java programs to use generic iibraries 

Alan Donovan, Adam Kiezun, Matthew S. Tschantz, Michael D. Ernst 
October 2004 ACM SIGPLAN Notices , Proceedings of the 19th annual ACM SIGPLAN 
Conference on Object-oriented programming, systems, languages, and 

applications, Volume 39 Issue 10 
Full text available: ^pdf(118 MB ) Additional Information: full citation, abstract, references, index terms 

Java 1.5 will include a type system (called JSR-14) that supports <i> parametric 
polymorphism</i>, or <i>generic</i> classes. This will bring many benefits to Java 
programmers, not least because current Java practice makes heavy use of logically-generic 
classes, including container classes. 

Translation of Java source code into semantically equivalent JSR-14 source code requires 
two steps: parameterization (adding type parameters to class definitions) and instantiation 
(a... 

Keywords: JSR-14, Java 1.5, Java 5, generic types, instantiation types, parameterized 
types, parametric polymorphism, raw types, type inference 



13 Typechecking and modules for multi-methods 
Craig Chambers, Gary T. Leavens 

October 1994 ACM SIGPLAN Notices , Proceedings of the ninth annual conference on 

Object-oriented programming systems, language, and applications, volume 

29 Issue 10 

Full text available: fl pdfi2 28 Mm Additional Information: full citation, abstract, references, citings, index 
' ®* *"* * % " terms . 

Two major obstacles hindering the wider acceptance of multi-methods are concerns over 
the lack of encapsulation and modularity and the absence of static typechecking in existing 
multi-method-based languages. This paper addresses both of these problems. We present a 
polynomial-time static typechecking algorithm that checks the conformance, completeness, 
and consistency of a group of method implementations with respect to declared message 
signatures. This algorithm improves on previous algori ... 

14 Converting Java classes to use generics 
Daniel von Dincklage, Amer Diwan 

October 2004 ACM SIGPLAN Notices , Proceedings of the 19th annual ACM SIGPLAN 
Conference on Object-oriented programming, systems, languages, and 

applications, Volume 39 Issue 10 
Full text available: pdf(259.67 KB) Additional Information: full citation, abstract, references, index terms 

Generics offer significant software engineering benefits since they provide code reuse 
without compromising type safety. Thus generics will be added to the Java language in the 
next release. While this extension to Java will help programmers when they are writing new 
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code, it will not help legacy code unless it is rewritten to use generics. In our experience, 
manually modifying existing programs to use generics is complex and can be error prone 
and labor intensive. 

We describe a system ... 

Keywords: generics, parametric polymorphism, type inference 



1 5 Escape analysis for Java™: Theory and practice 
Bruno Blanchet 

November 2003 ACM Transactions on Programming Languages and Systems (TOPLAS), 

Volume 25 Issue 6 

Full text available: 11 pdff684.21 KB) Additional Information: MLoitation, abstract, references, citings, Index 
***** ' terms, review 

Escape analysis is a static analysis that determines whether the lifetime of data may exceed 
its static scope.This paper first presents the design and correctness proof of an escape 
analysis for Java™. This analysis is interprocedural, context sensitive, and as flow-sensitive 
as the static single assignment form. So, assignments to object fields are analyzed in a 
flow-insensitive manner. Since Java is an imperative language, the effect of assignments 
must be precisely determined. Thi ... 

Keywords: Java, optimization, stack allocation, static analysis, synchronization elimination 



Typechecking and modules for multimethods 
Craig Chambers, Gary T. Leavens 

November 1995 ACM Transactions on Programming Languages and Systems (TOPLAS), 

Volume 17 Issue 6 

Full text available: f§ pcjf(£9Q MB) Additional Information: full citation, references , citings, index terms 



Keywords: encapsulation, inheritance, multimethods, static typechecking, subtyping 



1 7 Ownership types for object encapsulation 
Chandrasekhar Boyapati, Barbara Liskov, Liuba Shrira 

January 2003 ACM SIGPLAN Notices , Proceedings of the 30th ACM SIGPLAN-SIGACT 

symposium on Principles of programming languages, volume 38 issue 1 
Full text available: f|) pdf(307.67 KB) Additional Information: full citation, abstract, references, citings, index 

* terms 

Ownership types provide a statically enforceable way of specifying object encapsulation and 
enable local reasoning about program correctness in object-oriented languages. However, a 
type system that enforces strict object encapsulation is too constraining: it does not allow 
efficient implementation of important constructs like iterators. This paper argues that the 
right way to solve the problem is to allow objects of classes defined in the same module to 
have privileged access to each other's re ... 

Keywords: object encapsulation, ownership types, software upgrades 

18 Static analysis to support the evolution of exception st ructur e in object -o riented 
systems 

Martin P. Robillard, Gail C. Murphy 
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April 2003 ACM Transactions on Software Engineering and Methodology (TOSEM), 

Volume 12 Issue 2 

Full text available: m pdf(708.48 KB) Additiona! Information: MLcjtatign, abstrad, rejerence_s f dings, index 
^* terms, review 

Exception-handling mechanisms in modern programming languages provide a means to 
help software developers build robust applications by separating the normal control flow of 
a program from the control flow of the program under exceptional situations. Separating 
the exceptional structure from the code associated with normal operations bears some 
consequences. One consequence is that developers wishing to improve the robustness of a 
program must figure out which exceptions, if any, can flow to a po ... 

Keywords: Error handling, exception flow, exception handling, exception structure, 
program evolution, static analysis 



Type elaboration and subtype completion for Java bytecode 
Todd B. Knoblock, Jakob Rehof 

March 2001 ACM Transactions on Programming Languages and Systems (TOPLAS), 

Volume 23 Issue 2 

Full text available: f § pdff873 69 KB) Additional Information: full citation , abstract, references, Mings, Jndgx 

terms 

Java source code is strongly typed, but the translation from Java source to bytecode omits 
much of the type information originally contained within methods. Type elaboration is a 
technique for reconstructing strongly typed programs from incompletely typed bytecode by 
inferring types for local variables. There are situations where, technically, there are not 
enough types in the original type hierarchy to type a bytecode program. Subtype 
completion is a technique for adding necessary types to ... 

Keywords: Java compiler, lattice completion, object-oriented type systems, type inference, 
type reconstruction, type-directed compilation, typed intermediate language 



20 On objects and events 

Patrick Th. Eugster, Rachid Guerraoui, Christian Heide Damm 

October 2001 ACM SIGPLAN Notices , Proceedings of the 16th ACM SIGPLAN 

conference on Object oriented programming, systems, languages, and 

applications, Volume 36 Issue 11 

Full text available: "H sdft308.5 8 HB1 Additional Information: MlcMion, abstra_ct references, citings, index 
^ terms 

This paper presents linguistic primitives for publish/subscribe programming using events 
and objects. We integrate our primitives into a strongly typed object-oriented language 
through four mechnisms: (1) serialization, (2) multiple subtyping, (3)closures, and (4) 
deferred code evaluation. We illustrate our primitives through Java, showing how we have 
overcome its respective lacks. A precompiler transforms statements based on our 
publish/subscribe primitives into calls to specifically generated ... 
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USPAT 

US-PGPUB; OR 


ON 
ON 


2005/05/12 13:09 
200^05/12113:09 


LI 3 

L14 \ 


119 
45 


same cach$ 

object with type with (check$ or 
determin$ or verify$) same cach$ 

object same typ$3 same (sub-typ$ 
pr:Subtyp$)Lsame(supe ;/ 


USPAT 

US-PGPUB; OR 
USPAT 

US-PGPUB; OR 
USPAT 


ON 

1 ON 


2005/05/12 13:09 
2005/05/12 13:29 


L15 

L16 ; 


13 

1 


super-typ$) 

object same typ$3 same (sub-typ$ 
or subtyp$) same (supertyp$ or 
super-typ$) same (search$3 or 
look$3 or find$3 or check$3 or 
test$3 or locat$3) 

object sarrte;typ$3 same (sub-typ$ 
or subtyp$) same (supertyp$ or 


US-P( 
USPA 

lusli 

USPA 


3PUB; OR 
T 

3PUB; OR 
T 


ON 

l|||p ON 


2005/OE 
2005/OE 


i/12 
./12 


13:17 

iiiii 


L17 


2 


super-typ$) same (hierarchy or 
tree) same cach$ 

object same typ$3 same (sub-typ$ 
or subtyp$) same (hierarchy or 
tree) same cach$ 


US-P( 
USPA 


3PUB; OR 
T 


ON 


2005/OE 


i/12 


13:13 


L18 


96 


object same typ$3 same 
(hierarchy or tree) same cach$ 


US-PGPUB; OR 
USPAT 


1i ;0N : ; 


2005/05/12 13:13 
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L19 
L20 


6 

ISSIISSSI1I 


10 and 18 
9 and 10 


US-PGPUB 
USPAT 

US-PGPUB, 


, OR 
, OR 


ON 
ON 


2005/05/12 13:13 
2005/05/12 13 21 


L21 
L22 


9 

468 


7 and 10 

type adj hierarchy 


llllBllll 

US-PGPUB, 
USPAT 

US-PGPUB, 


, OR 

, OR 


ON 
ON 


2005/05/12 13:22 
2005/05/12 13:27 


L23 
124 


123 

3 


L22 and cach$ 

L22 and cach$:and!overflow$!!:;:! : 


USpAJ:,; 

US-PGPUB, 
USPAT 

US-PGPUB, 


, OR 
OR 


ON 
ON 


2005/05/12 13:28 
2005/05/12 13:28 


L25 


330471 


object with (typ$3 or (sub-typ$ or 
subtyp$) or (supertyp$ or 
super-typ?)j 


USPAT 

US-PGPUB; 
USPAT 


OR 


ON 


2005/05/12 13:29 


ieiiiii 


:: 2266 


obj^ with (typ$3 or (sub-typ$|pr::!; 
subtyp$) or (supertyp$ or 
super-typ$)) with (cach$ or • 


US-PGPUB, 

uspp:; in 


;j or ; j 


Hill 


2005/05/12 13:34 


L27 




47 


overflow$ or embedd$) 

^uujcci wiui ^lyp^j or ^suu-iyp^ or 
subtyp$) or (supertyp$ or 
suDer-tvn4^ with (each$ or 


1 IC D(ZD\ ID- 
1 ICDAT 


UK 


UIM 


2005/05/12 13:33 


L28 : ;; 


: ; ; . l 


o| 


(objert:with;(typ$3 or:(sub-typ$ or 
: subtyp$) or (supertyp$ or 


US-PGPUB; 


1 or : : 


in 


2Q|5/05/i|l3:31; 








USPAT 












super-typ$)) with (cach$!!or 
















overflow$ or embedd$)).clm. 










L29 




7 


(object with (typ$3 or (sub-typ$ or 

^uhtvnffc^ or fc.iinprtvn4l or 

super-typ$)) with (cach$ or 
overflow$ or embedd$) with (data 
adj structure)).clm. 


US-PGPUB; 

Ujrn 1 


OR 


ON 


2005/05/12 13:32 


L30 




■11 


(object with (typ$3 or (sub-typ$ or 
j j subtyp$) or; (superty p$ or 
i;5uper-typ$))i with (cach$ or ;-;;:: 

6verfiow$ or embedd$) with 

(array)).clnio 

(object with (typ$3 or (sub-typ$ or 

<Uihtvn*fc^ nr fciinprtvrvfc nr 

super-typ$)) with (cach$ or 
overflow! or embedd$) and 
array).ti,ab. 


iUS-PGPUB; 

ilillfi ii 


OR; • 


■.on 1 


2005/05/12 13:32; 




2 


US-PGPUB; 

1 KP AT 


OR 


ON 


2005/05/12 13:33 


Bill 1 




HI 


object with ((sub-typ$ or subtyp$) 
or (supertyp$ or super-typ$)) with 
(cachf or overflow$ or embedd$) 

obiect same ffsub-tvoi or 
subtyp$) or (supertyp$ or 
super-typ$)) same (cach$ or 
overflow$ or embedd$) 


US-PGPUB; 
USPAT 


OR 


ON 


;2(fe/b5/lp3:35l 


L33 ! 




24 


US-PGPUB' 

uj r vjr \jo i 

USPAT 


OR 




9nn^/n^/i9 noo 
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L34 

L35 


10 

0 


object same ((sub-typ$ or 
subtyp$) or (supertyp$ or 
super-typ$)) same (cach$ or 
overflow$ or embedd$) 

(object same ((sub-typ$ or 
subtyp$) or (supertyp$ or . 


EPO; JPO; 

DERWENT; 

IBMJTDB 

EPO; JPO; 
DERWENT; 


OR ! 
OR 


ON 
ON 


2005/05/12 13:45 
2005/05/12 14 42 


L36 


51 


su^r-typ$));^me {cach$ or i " : 
overflow$ or embedd$)),clm. 

Rose$.in. and (object and typ$3). 
ti,ab. 


IBMJTDB 1 

EPO; JPO; 

DERWENT; 

IBMJTDB 


OR 


ON 


2005/05/12 14:43 


lilll 


= 2 


ii^e^$Jh. and (object and 
typ$3).ti,ab. 


EPO; JPO; • 
DERWENT; 


OR v 


ON 


2005/05/12 14:4*! 


L38 


164 


(Sun adj Microsystem$).as. and 
(object and typ$3).ti,ab. 


IBMJTDB 

EPO; JPO; 

DERWENT; 

IBMJTDB 


OR 


ON 


2005/05/12 14:47 


Hll 


1:111 1SSIII 


;(Sun:adj Microsystem$).as. and 
(object and typ$3 and subtyp$3). 

(Sun adj Microsystem$).as. and 
(obiect and tvD$3 and subtvo43). 
ti,ab. 


EPO; JPO; 
DERWENT;:: 

ibm_t6b : ; 

US-PGPUB; 
USPAT 


OR 


ON 


2005/05/12 14:47 


L40 


6 


OR 


ON 


2005/05/12 14:47 


1M|| 


109 


(Sun adj MicrosYStem$).as; and; ii H 


US-PGPUB; 

uspAt \ 


or 


;|pN II 


2005/05/12 14:47 








(object and typ$3).ti,ab. : : ; 








L42 


6 


f^un arii Mirro^v<rt"pm*fc^ a<i and 

(object and typ$3 and subtyp$3). 
ti,ab. 


ll^-P^PIIR' 

USPAT 


OR 


on 
win 


2005/05/12 14:48 


L43 


lllllll; 


(Sun adj [MiGro^stem|).as. and 


: us-pgpub1 


OR 


ON 


2005/05/1214:48 






(object and typ$3 and (subtyp$3 
or supertype)).tiyab. ■■:; r ]M 


USPAT W 
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Ref 
# 


Hits 


Search Query 


DBS 

1 


Default Plural 
Operator 


s Time Stamp 


S7 


: j= 2 


S4 and S6 


US-PGPUB; ( 
USPAT; 


OR ON; 


2004/12/17 11.30 


S8 
59 


l 

111 


(object and typing and cach$).ti, 
ab. 

: object pith] typing same cach$ 


USOCR 

US-PGPUB; ( 

USPAT; 

USOCR 

US-PGPUB; < 

uspat; ;n i 

USOCR 

US-PGPUB; I 

USPAT; 

USOCR 

US-PGPUB; < 

USPAT; 

USOCR 

US-PGPUB; ( 

1 ICDAT- 
UorA 1 , 

USOCR 

:US-PGPUB; < 

f USPAT;:: :!;:• 


3R ON 

DR ] ] ]] ; - (M^ 


2005/05/12 12:35 

,]: iliOOf i2/17] lii34| 


SIO 
Sll 


1696 
51 


object with type same cach$ 

(object and (typing or subtyp$ or 
supertyp$)).ti,ab i 

SIO and Sll 

("5267349" :| "5437027" | 
"5579518" | "5793963" { : 


OR ON 

DR ON 


2004/12/17 11:34 
2004/12/17 11:35 


S12 

BIS 


7 

K : : j =-§= 


DR ON 

DR : .lJ;: 1 ON 


2004/12/17 11:35 

' 2004/12/17 11:41 


S14 


3 


"5915253").PN. 
("5267349").URPN. 


USOCR • 
USPAT ( 


DR ON 


2004/12/17 12:02 


llil! 


' S81 


719/315r316'CclsJ of 717/114,116] ] 
eels. : • 


; USPAT 'W' [< 


DR ] ON]| 


]2004/12/17 12:03 


S16 


2039 


719/315-316.ccls. or 717/114,116. 
eels, or 707/103$.ccls. 


USPAT ( 


DR ON 


2005/03/16 10:30 




34 


S3 and S16 


USPAT ' :< 


DR ON :] 


2004/12/17 12:03 




S18 

Bill 


9 
1 


S3 and S16 and cach$ 
("6711516").PN. 


USPAT ( 
US-PGPUB; i 


DR ON 

DR ; OFF 


2004/12/17 12:10 
2004/12/17 12:11 


S20 

S21 


1 

1 || i 


("6711517").PN. 
("6711576").PN. 


USPAT 

US-PGPUB; < 
USPAT 

US-PGPUB, < 


DR OFF 

DR]][ ]]]' : ]QFFv 


2004/12/17 12:11 
2004/12/17 14:00 


S22 


1 


object with type same supertype 
same embedd$ 


USPAT ; i . 

US-PGPUB; ( 
USPAT 


DR ON 


2004/12/17 14:00 


S2J 


2 


object with type same supertype : 
samecach$ 

object with type same(check$ or 
determin$ or verify$) same cach$ 

object with type with (check$ or : ; 


US-PGPUB; < 
USPAT 

US-PGPUB; ( 
USPAT 

US-PGPUB; ( 


DR ; ; :ON : ; 


. 2004/12/17 14:07 


S24 
S25 


262 

104 1 


DR ON 

DRi: ]'];: :: ON]]| 


2004/12/17 14:08 
2004/12/17 14:08 


S26 


12 


determin$ or verify$) same cach$ 
S16 and S25 


USPAT 

US-PGPUB; ( 
USPAT 


DR ON 


2004/12/17 14:08 
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S27 
S28 

S29 



S30 



S31 



:532ii 



S33 



S34 



S35 



mm 



S37 



S38 



("5377323").PN. 

24 object with type with (sub-typ$ or 
subtyp$) same (supertyp$ or 
super-typ$) 

(("6687760") or ("5793965") or 
("6631478") or ("20020021788") 
or ("5819283") or ("6427123") or 
("4945475") or ("20030014442") 
or ("20030065874")).PN. 

("5327562" | "5404525" | 
"5632034" | "5721824" J i 
"5913064" | "5918052" | 
"6102966" | "652657i").PN,! : ; i 

234 class adj cache 



40 class adj cache same object 



42 subtype same supertype same 
object 

subtype same supertype same I 
object same array 

subtype same supertype same 
array 

42 object same typ$3 same (sub-typ$ 
or subtyp$) same (supertyp$ brll 
super-typ$) 

11 object same typ$3 same (sub-typ$ 
or subtyp$) same (supertyp$ or 
super-typ$) same (search$3 or 
look$3 or find$3 or check$3 or 
test$3) 

13 object same typ$3 same (sub-typ$ 
or subtyp$) same (sU£§typJ:or ||| 
super-typ$) same (search$3 on ; ; 
look$3 or find$3 or check$3 orlllil 
test$3or.ibcat$3) : 



US-PGPUB; 
USPAT 

US-PGPUB; 
USPAT 



US-PGPUB; 
USPAT 



US-PGPUB; 

USPAT; 

USOCR 

US-PGPUB; 

USPAT; 

USOCR 

US-PGPUB; 

USPAT; 

USOCR 

US-PGPUB; 

USPAT; 

USOCR 

US-PGPUB; 

USPAT; ! 

usocR : 

US-PGPUB; 

USPAT; 

USOCR 

US-PGPUB; 
USPAT 

US-PGPUB; 
USPAT 



lUS^PGPUB; 
USPAT 



OR 



OR 



OR 



OR 



or; 



OR 



OR!! 



OR 



OR 



OR 



OR 



OFF 



!0Nj! 



OFF 



ON! 



ON 



!ON 



ON 



ON 



ON 



ON 



ON 



ON 



2004/12/19 11:49 



2005/03/15 15:07 



2005/03/15 14:18 



2005/03/15 14:47] 

2005/03/15 14:48 
2005/03/1514:52 
2005/03/15 14:53 
2005/03/15:;i|;58! 
2005/03/15 14:58 
2005/03/15 15:57 
2005/03/15 15:18 



2005/03/15 15:35 



S39 



object same typ$3 same (sub-typ$ 
or subtyp$) same (supertyp$ or 
super-typ$) same (search$3 or 
look$3 or find$3 or check$3 or 
test$3 or locat$3) same 
(embedd$3 or cach$3) 



US-PGPUB; 
USPAT 



OR 



ON 



2005/03/15 15:37 
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S40 



MM 



S42 



S43 



17 



object same typ$3 same (sub-typ$ 
or subtyp$) same (embedd$3 or 
cach$3) 

("5267349" | "5437027" | 
"5579518" | "5793963" | 
"5915253").PN 

object same typ$3 same (sub-typ$ 
or subtyp$) same (supertyp$ or 
super-typ$) same overflow 



object same typ$3 same (sub-typ$ 
or subtyp$)same (supejtyp$or! 
super-typ$) same constant 



US-PGPUB; 
USPAT 

US-PGPUB; 

USPAT; 

USOCR 

US-PGPUB; 
USPAT 



US^PUB; 



USPAT 



OR 



OR 



OR 



OR 



ON 



<m 



ON 



ON 



2005/03/15 15:37 
2005/03/15 15:45 
2005/03/15 15:58 



2005/03/15 



15:58 



S44 



!S45! 



S46 



S47 



S48 



101 



object same typ$3 same (sub-typ$ 
or subtyp$) same (supertyp$ or 
super-typ$) same known 

object same typ$3 same (sub^|p$i 
or subtyp$) same (supertyp$ or 
super-typ$) same (hierarchy or 
tree) same cache 

object same typ$3 same (sub-typ$ 
or subtyp$) same (supertyp$ or 
super-typ$) same (hierarchy or 
tree) same cach$3 

object same typ$3 : same (sub-typ$: 
:or:sUbtyp$)isame:(supertyp$|or| ;: 
super-typ$) same (hierarchy or 
tree) ;same !embedd$3 

object same typ$3 same 
(hierarchy or tree) same 
embedd$3 



US-PGPUB; 
USPAT 



US-PGPUB; 

isSiii 



US-PGPUB; 
USPAT 



US-PGPHJB; 
U§P/1 



US-PGPUB; 
USPAT 



OR 



OR!! 



OR 



OR 



OR 



!!24! 



object with typ$3 with (hierarchy 



US-PGPUB; 
USPAT ! !!! ; 



OR 



ON 



ON 



ON 



ON 



ON 



ON! 



2005/03/15 16:36 



2005/05/12 13:12 



2005/03/15 16:37 



2005/03/15 16:41 



2005/03/15 16:37 



2005/03/15 16:39 



or tree) same embedd$3 !!!!!!! 

object with typ$3 with (hierarchy 
or tree) with embedd$3 

object with typ$3 with (hierarchy) 
same embedd$3 

object with typ$3 with (hierarchy) 
with cach$3 

jObject same (sub-typ$ or subtyp$) 
same (supertyp$ or super-typ$) 
same (hierarchy or tree) same 
embedd$3 

object same (sub-typ$ or subtyp$) 
same (supertyp$ or super-typ$) 
same (hierarchy or tree) same 
cach$3 



S50 
S51 
S52 
553 



S54 



8 

li2 



US-PGPUB; 
USPAT 

US-PGPUB; 
USPAT 

US-PGPUB; 
USPAT 

US-PGPUB; 

USPAT!!!!!!!!!! 



US-PGPUB; 
USPAT 



OR 
OR 

61 



OR 



ON 



ON 



ON 



!ON! 



ON 



2005/03/15 16:38 



2005/03/15 16:40 



2005/03/15 16:40 



2005/03/15 16:41 



2005/03/15 16:42 
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S55 

IE!! 


3 
0 


object same ((sub-typ$ or 
subtyp$) or (supertyp$ or 
suoer-tvot^ camp (hiprarrhv nr 

tree) same cach$3 

object same ((sub-typ$ or 
subtyp$) or (supertyp$ or 


US-PGPUB; 
USPAT 

EPO; JPO; 
: DERWENT; 


OR 

Hlllll 


ON 
ON 


2005/03/15 16:44 
2005/03/15 16:43 


S57 
S58 


0 


! super-^ 
tree) same cach$3 . 

object same typing same 
(hierarchy or tree) same cach$3 


IBM_TDB : 

EPO; JPO; 

DERWENT; 

IBM_TDB 


OR 


ON 


2005/03/15 16:43 




object same type same; (hierarchy 
or tree) same cach$3 


EPO; JPO; 
ii DERWENT; 
IBM_TDB 

USPAT 

wJrn i 


OR 


1 ON 


2005/03/1516:43 


S59 


i 


nhipr+ camp f/ciih-tvn<t nr 
subtvoi^ or fcunprtvni or 
super-typ$)) same (hierarchy or 
tree) same overflow 




UIN 


7nnc/n7/ic 1 caa 


IIHIII 


6- 


(("5761493") or:i("6389425") orl 1 


^US-PGPUB; ! \ 


OR 


Off 


j 2005/03/16 09:49 






("6032151") or ("6182083") or 
("4420744") or ("5793965")).PN. 

pnaniorn.U/dD. 


USPAT 








/o/ 


1 IC DfDI ID* 

USPAT 


UK 


UN 


2005/03/16 09:50 


IBIS 


5 


object with type with hierarchy \ 

:With;cachei: : 


US-PGPUB; 

:USPAT ^ 


or : ; ;;;| 




::;2005/03/16 09:52 




i 


uujcii wiui type wiui iiicrdruiy 
with overflow 


1 IQ-DfZDI ID- 

USPAT 


no 

UK 


UIN 




HI 


• i 


object With type with hierarchy! ! 


US-PGPUB; 


OR 


on" • 


:|005/03/i6 09:56 






with partition$3 


USPAT; 






S65 


0 


object with type adj hierarchy with 
partition$3 


US-PGPUB; 
USPAT 


OR 


ON 


2005/03/16 09:56 


Bill 




object with i type adj hierarchy with ■'. 
cach$ ; 


US-PGPUB; 
USPAT , j 

Uj TUrUD, 

USPAT 


OR 


ON 


•2005/03/16 10:30 


S67 


• JO 


tvnp a Hi hiprarrhv 


no 


UIN 


ZUUD/Uo/lb lU.Jl 


IHIl 


19177 


7i9/315-316.cds. or "7177$.ccls. 


i uspat||| 


OR 


ON 


2005/03/16 10:31 






or "7077$.ccls. 










S69 

Bill 


103 
13 


S67 and S68 

type adj hierarchY.ti,ab. 


USPAT 
US-PGPUB; 


OR 
OR 


ON 
ON 


2005/03/16 10:31 
2005/03/16 10:39 


S71 

Bill 


1 

2 


S70 and cach$ 

S70|and (embeddS or in adj 


USPAT 

US-PGPUB; 
USPAT 

US-PGPUB, 


OR 

111111 


ON 

IIHIII 


2005/03/16 10:42 
2005/03/16 10:43 ! 


S73 


0 


memory or type adj library) ;' 
S70 and (overflow) 


USPAT 

US-PGPUB; 
USPAT 


OR 


ON 


2005/03/16 10:42 
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